General experimental conditions: SU-8-100 photoresist and SU-8 developer were obtained from MicroChem (Newton, MA, USA), while Sylgard 184 silicone elastomer (dimethyl siloxane oligomer) and curing agent (dimethyl, methylhydrogen siloxane, crosslinking agent) were purchased from Dow Corning (Midland, MI, USA). Polyvinylsilazane 
for 2 h. The PDMS replica for liquid channel were treated by oxygen plasma to form a silicate layer with hydroxyl groups on the surface. Polyvinylsilazane (PVSZ, KION VL-20 ® ) prepolymer was then spin-coated at 1000 rpm for 40 s to become 15 μm thickness. We controlled the coated thickness from 10 to 40 μm with a variation of rpm. The polymer coated on the PDMS slab was gently wiped out with a glass slide to remove the polymer from convex surface. After 30 min exposure to UV light (λ = 250-400 nm), the modified PDMS block were baked at 120 o C for 4 h. The PDMS block with liquid channel was bonded to the gas channel PDMS covered with thin layer after treatment with oxygen plasma for 1 min, the device with dual-channel for liquid-and gas-flow was heated up in an oven for 12 h at 110 °C to achieve higher bonding strength.
Solvent resistance and optical transmittance of PVSZ shielded PDMS chip
Solvent resistance aganist organic solvents: The PDMS chips with PVSZ shileded channel and unshielded channel were bonded with glass after treatment with oxygen plasma for 1min, they were heated up in an oven for 12 h at 110 °C to achieve higher bonding strength. 3 organic solutions of rhodamine B (acetic acid, t-butanol, and acetonitrile) were injected into the unshielded PDMS channel and PVSZ shielded PDMS channel with the rate of 1 μL/min. All solutions in unshielded PDMS channel were diffused into the wall of PDMS channel within 30 hours while the slutions in PVSZ shielded channel were prevented from the diffusion for a longer time. Moreover, acetonitrile solution was not diffused into the PVSZ shielded channel even after 7 days. Swelling images in unshielded PDMS and PVSZ shielded chip were collected in Figure 1S . Optical transmittance: the optical transmittances of PDMS, glass, and PVSZ coated PDMS chip (PDMS-Kion; 10 μm PVSZ thickness) were compared across the UV-Visible range, the results are depicted in Figure 3S . The PVSZ coated chip show a good transmittance of over 90 % in the measured range.
A) PVSZ shielded chip
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The contact area to volume ratios in two microreactors and batch system : The contact area to volume ratio is directly connected with the reactor volume and design, we calculated the ratios of three reacion systems.
Because the lengths of each drops in the Mono-channel system were various depended on its position, we calculated the average length of 10 drops selected from inlet, middle, outlet part. Even though the contact angle of soution to channel surface was not 90 o , we assuemed vertical contact between gas and liquid for simple calculation. In the batch system, we also simplified the contact area by assuming a condition of no stirring and no bubbling.
• Volume of reactor= 38.9 μL Figure 5S . The Dual-channel microreactor for scale-up process.
The reaction volume (solution volume) in the Mono-channel reaction (Table 1, Photosensitized oxygenation of (-)-citronellol in batch system (general procedure in batch reaction for photosensitized oxygenation): a solution of (-)-citronellol (7 mmol) and methylene blue (0.07 mmol) in acetonitrile (20 mL) were loaded into a 50 mL round bottom glass at 5 o C, and treated with oxygen bubbling for 20 min, before continuous bubbling and irradiation with the white 16 W LED lamp as close as possible. The ratio of mixture products was analyzed with 1 H NMR instrument using an internal standard after NaBH 4 treatment of crude mixture in CH 3 OH (Scheme 1S). Photosensitized oxygenation of (-)-citronellol in Mono-channel: in one gas-tight Hamilton syringe was placed a solution of (-)-citronellol (3.5 mmol) in acetonitrile (3 mL), and in another syringe was placed a solution of methylene blue (0.035 mmol) in acetonitrile (7 mL). Oxygen gas was placed in the third syringe. The reaction streams were introduced to the three-inlets of the mono-channel microreactor through a 10 cm segment of polytetrafluoroethylene (PTFE)
tubing. The injection rates of reagent and sensitizer varied, and that of the gas also varied in irradiation of 16 W LED light. The reaction result was collected in a vial through the segment of PTFE tubing. The ratio of mixture products was analyzed with 1 H NMR instrument after NaBH 4 treatment of crude mixture in CH 3 OH.
Photosensitized oxygenation of (-)-citronellol in the Dual-channel (general procedure in Dual-channel for photosensitized oxygenation): a solution of (-)-citronellol (3.5 mmol) in acetonitrile (3 mL) was loaded into a gas-tight Hamilton syringe and delivered into upper channel or the microreactor. In the same manner, a solution of methylene blue (0.035 mmol) in acetonitrile (7 mL) and oxygen respectively delivered into upper and down channel of the microreactor in irradiation of 16 W LED light. With a variation in flow rates of two solution and oxygen, the reaction solutions were collected in brown glass vial. The ratio of mixture products was analyzed with 1 H NMR instrument after NaBH 4 treatment of crude mixture in CH 3 OH.
Photosenxitized oxygenation of α-terpinene to ascaridole in batch system: a reaction procedure followed the general procedure in batch reaction for photosensitized oxygenation. 
